Abstract: This paper analyzes the short-run relationship between the real effective exchange rate and the balance of trade in China. We examined the causality between effective exchange rate and balance of trade with Granger-Causality test using the monthly data from January 1994 to August 2009. The test suggests that in the short run balance of trade causes a change in effective exchange rate but not vice versa. The uni-directional relationship between exchange rate and balance of trade compels the use of transfer function methodology. Transfer function estimation shows that a shock in balance of trade has a 3-4 month delayed effect on effective exchange rate in the short-run but this delayed effect dissipates in the long run.
Introduction
There has been an increasing interest in the developing economies that have exhibited rapid growth due to the economic integration of these economies to the rest of the world. Several research articles have recently examined the trade performance of these countries. Some of these articles examined the effect of trade liberalization; yet others examined the effect of the exchange rate on trade performance of these developing countries.
1 From these countries, China is the one that attracts the attention the most since it has recently become third largest economy and has the third largest trade volume in the world as of 2008.
2 More recently, China and its trading partners have a heated debate on the value of Chinese Yuan. China has historically controlled value of Yuan in hopes to maximize the benefits from trading with the rest of the world. 3 Economic theory suggests that there is a long run relationship between exchange rate and trade flows. Exchange rates reflect the evolution of relative prices across countries. Appreciation of a domestic currency makes foreign goods relatively cheaper which leads to an increase in imports in the long run. At the same time, this appreciation also makes domestically produced good relatively expensive for foreigners. Hence, ceteris paribus, an appreciation of a domestic currency decreases the trade balance of a country. Most of the earlier literature investigated this long-run adjustment between trade performance and exchange rates. For example, BahmaniOskooee (1991) examined the long-run relationship between trade balance (BOT) and exchange rate in least developed countries (LDCs). He found that BOT and exchange rates are cointegrated and he suggested that depreciation in a currency improves the trade balance of LDCs in the long run, consistent with the economic theory. Bahmani-Oskooee has also concluded that there is a uni-directional relationship such that exchange rate that affects the position of the trade balance and not the other way around. Recently, Bahmani-Oskooee (2010) has examined a similar relationship in Middle Eastern countries and supported his earlier findings. Moreover, GarciaHerrero and Koivu (2009) examined the relationship between the trade balance and effective exchange rate in China. They estimated standard export and import equations and used cointegration techniques to examine the long-run relationships. They found that trade balance is sensitive to the changes in effective exchange rate. However, Garcia-Herrero and Koivu reported no formal tests indicating causality between these variables. Brada et al. (1993) have also examined the long run relationship between trade and exchange rate. They found that exchange rate influence the level of trade but this effect is observed only after 1 year and suggested that the exchange rate an effective indirect tool for regulating trade. In contrast, some of the earlier studies such as Rose (1990 and found no empirical evidence for the long run relationship between exchange rate and trade. Liew et al. (2003) supported Rose's findings suggesting that in the long run trade balance is affected by real money rather than exchange rate.
What is apparent in the literature is the fact that many empirical papers relying on long run theoretical underpinning of trade performance and exchange rate but ignoring the possible feedback effect from trade to exchange rate in the short run. This potential feedback can be illustrated as follows: Assume that the foreign exchange market is perfectly competitive where demand for foreign currency is downward sloping. This suggests that people in a given economy buy more foreign currency as it depreciates. In the mean time, the supply of foreign currency is upward sloping where people provide more of the foreign currency to the market as it appreciates. In other words, foreign currency is viewed as a normal good and people buy and sell the foreign currency based on the market price. The equilibrium price of the currency is obtained where foreign currency demand is equal to supply. In the very short run, we assume that the demand for foreign currency is perfectly inelastic and increases in trade performance (either increase in exports or decrease in imports) lead to a shock in the foreign exchange market by increasing the supply. In this simple setting, such shock has a short term impact on the market such that the foreign currency depreciates. However, in the long run demand adjusts so that the equilibrium level of exchange rates is restored.
Consequently, this paper has two fundamental purposes: First, it will test the short run relationship between the real effective exchange rate of Chinese Yuan and the balance of trade. Then, it analyzes the causal relationship between these two variables of interest. The paper uses the Granger-causality test and the impact of exogenous variable on the exogenous variable is examined using Transfer Function methodology. In the next section, we present methodological considerations and the data. Then in the third section, we inspect the stationarity and look into Granger-causality tests. Section four shows the estimation results based on Transfer Function. Section five concludes. Maciejewski (1983) provides an extensive review of conceptual and methodological issues related to effective exchange rate (EER). He suggested that the EER is an appropriate indicator of international competitiveness and can easily be deflated by corresponding indices of relative prices to obtain the real indices. Chinn (2006) suggested that the most common technique to calculate the real EER (REER) is to weight the currencies by trade volumes. More formally, consider the following real effective exchange rate where REER j is the log real exchange rate relative to country j.
Data
The weights are based on bilateral trade volumes where third-market effects are captured through the following equations: w j = (imports of i / Trade Volume of i) × (share of i imports from j ) + (exports of i / Trade Volume of i) × (overall export weight) and overall export weight = β × (share of exports of i to j out of total i exports) + (1 − β ) × (third market weight).
We used REER index provided by Bank for International Settlements (BIS). BIS publishes REER data since 1993 for 58 countries using manufacturing trade flows that is also a common practice in the literature. Spilimbergo and Vamvakidis (2003) suggest that it is likely that a fixedweight index will misrepresent the impact of exchange-rate changes since trade flows change over time. The index provided by Bank for International Settlements (BIS) incorporates the changing trade patterns over time by using time-varying weights (Klau and Fung, 2006) . The REER for China is available monthly in broad indices basket of BIS. The bank used the following selected trade weights to calculate the REER of Chinese Yuan: approximately 20% for US; 18% for Euro area; and 26% weight for Japan. 4 We used monthly REER in China from January 1994 to August 2009. An increase in REER indicates improved competiveness of Yuan in the international trade market. As shown in Panel 1.a, the real effective exchange rate seems to be a random walk process with an upward trend subject to formal testing. There is also an appreciation trend of the currency since the softening of the currency control in 2004. Imperfect substitutes model used in Rose (1990 and suggest that empirical trade balance analysis also includes the domestic and foreign income. We have included the Chinese and US GDP obtained from Chinese Statistic Institute and Bureau of Economic Analysis respectively. Both of these series are published quarterly so we have converted these series to monthly using linear interpolation.
Granger Causality Test
Before examining the causal relationship between the real effective exchange rate balance of trade, the time series properties of the individual variables were tested. Stationarity of the variables was investigated by the autocorrelation function (ACF), partial autocorrelation function (PACF) and augmented Dickey-Fuller test (ADF). Both ACF and PACF suggest that the series in levels show no indication of mean reversion.
5 Therefore, both of the principal series are tested for unit root using the ADF test. The ADF test is sensitive to the lag length; thus, the Akaike Information Criterion (AIC) and Bayesian information criterion (BIC) are used to determine the lag length of each variable. Twelve lags are selected for both variables as the optimal lag length. The existence of a unit root in each variable is tested using the following ADF model where dBOT and dREER indicates the first difference of BOT and REER respectively.
dreer t = β 0 + δ 1 reer t −1 + β 1 dreer t −1 + β 2 dreer t −12 + ε 2t (3) T-stats for the null hypothesis that γ 1 is equal to zero are low and the hypothesis cannot be rejected is only 2.146 and δ 1 is equal to zero is only 0.177. Hence, ADF test suggests that REER and BOT are not stationary at levels and they are both I(1) processes. 6 Thus, the differenced real effective exchange rate (dREER) and the differenced balance of trade (dBOT) are used in the remainder of this study. The time paths of dBOT and dREER are shown in Panel 2.a-b respectively.
Furthermore, we have examined the stationarity of Chinese and US GDP using the standard Augmented Dickey Fuller Tests as well. Chinese data indicates the existence of a unit root with strong seasonality. We first seasonally difference the data; then test the first differenced data for unit root. The test still indicates a non-stationarity with slow decay on ACF/PACF. Based on ADF, we differenced the series one more time to remove the unit root. ADF suggest second differenced Chinese GDP is an I(0) process with a t-test statistic of 4.70. US GDP series follow a similar pattern and required differencing to obtain a I(0) process. The next step is to examine the causality between dREER and dBOT, especially in the short run. Although there are several published pieces in the literature related to exchange rate and balance of trade, none of these articles have examined the short run causal relationship between these variables. In other words, the theoretical studies have led researchers to examine the unidirectional relationship such that exchange rate influence the balance of trade but a possible feedback from trade to exchange rate has been largely ignored. A plausible explanation for this type of feedback from BOT to REER is a trade surplus increases the foreign currency in the domestic economy that in return increases the value of the domestic currency in the short-run, as it's explained in the previous section.
In the empirical studies, Granger causality test has been repeatedly used to test whether or not the lagged and contemporaneous values of one variable can be used to predict the future values of another variable.
8 Based on the test, researcher is able to determine the direction of causality between two variables. The test uses the Vector Autoregression (VAR) method to reveal if the past and current values of one variable have a significant effect on the current value of another using a joint F-test. An F-statistic is calculated to see if the coefficients of one variable statistically different from zero. The null hypothesis is the variable of interest does not Grangercause the dependent variable. If the test suggests a bi-directional causality then VAR method yields the most efficient standard errors. On the other hand, if the causality is unidirectional then VAR is over-parameterized and standard errors are not precisely estimated. The following system of equations is used testing the causality between the first differenced balance of trade ( d dBO dBOT), real effective exchange rate (dREER), and GDP of US (dGDP US ); as well as second ifferenced GDP of China (dGDP China ). The estimating equations are as follows:
Since the results of Granger causality are quite sensitive to the lag length, Akaike Information Criterion (AIC) and Bayesian Criterion (BIC) are used to determine the optimal lags for each variable. In this study, the results of AIC and BIC tests both suggest 13 lags should be used for all the Granger causality tests.
The Granger Causality test results are given in Table 1 . In the dBOT equation, the results indicate that the null hypothesis cannot be rejected, which means that the lagged values of dREER do not Granger cause a change in the current values of dBOT. However, in the dREER's equation, the calculated value of F-statistic is greater than the critical value in the test; hence, the lagged values of dBOT have an impact on the change in dREER. The results indicate that the null hypothesis can be rejected at the 8% significance level, which means that dBOT Granger causes a change dREER without any feedback. Therefore, dBOT is the exogenous variable, and dREER is an endogenous variable. The findings for the short-run are important. We found that in the short run, a change in the balance of trade causes a movement in the international competitiveness of Chinese Yuan but not vice versa. The short run unidirectional relationship supports the earlier proposition that increases trade performance lead to an increase in foreign currency domestically. Abundant foreign currency in return may contribute to the increase in the value of domestic currency in the short run. This finding compels for a transfer function estimation methodology to determine the short run impact of BOT on REER. However, neither the US nor the Chinese GDP has a significant impact on REER based on the granger causality test; hence they are excluded from the transfer function estimation, which will be presented in the next section.
Transfer Function Estimation
The Granger causality test is an important initial step to determine the structure of the model. The unidirectional causality between dBOT and dREER suggests a transfer function methodology to be employed since VAR methodology is over-parameterized and it estimates more coefficients than necessary. The equations of the transfer function methodology are as follows:
where y t is dREER, and is dBOT. We have excluded the income in China and US since the granger causality test cannot reject the hypothesis that the lags of differenced Chinese and US GDP have no predictive power to explain the short run movements in real effective exchange rate. The only exogenous variable in the model is left is the differenced Balance of Trade (dBOT). C(L) represents the coefficients of the transfer function and shows the movement of the exogenous variable (dBOT) affecting the time path of the endogenous variable
Transfer function estimation requires a five-step procedure. In the first step, the Box-Jenkins methodology is used to estimate the best fitting data-generating process for the exogenous variable, dBOT. The residuals ( ε zt ) can be denoted as the filtered values of z t , called the "Filtered dBOT". The filtered dBOT series is considered as the pure innovations in the dBOT process. Based on the ACF and PACF graphs, and the results of AIC and BIC, the best fitting model for dBOT is ARMA(2,5). The time path of the Filtered dBOT is shown in Panel 3.a. The residual from this model is white noise.
In step two, the dREER series is filtered with the same methodology used in the dBOT series. Filtered dREER is obtained by applying the following filter:
The residual of the estimated model is a white noise process with no apparent autocorrelation. The time path of the Filtered dREER series is presented in Panel 3.b. Once the filtered dBOT and dREER are obtained, the cross-correlogram between dBOT and dREER is examined. The coefficients of the cross-correlaogram have a standard deviation of (T-i) -0.5 = 0.072 where T is the number of observations and i is the number of lags. The graph of the cross-correlogram is shown in Panel 4. The graph shows that there is a spike around the period 3 and 4, where the correlation coefficients are statistically different than zero at 95% confidence level.
The third step includes estimation several plausible transfer functions for y t that is inferred from the cross-correlogram. These plausible models are shown in Table 3 . In Model 1, we estimated the following specification:
The reason for choosing the delay factors of three and four months is due to the spikes in the cross-correlogram at the third and fourth lags. AIC and BIC are used to determine which plausible transfer function is the best fitting model for . AIC/BIC for these models are given in the last column of Table 2 . In Model 2, we have added the third lag for the dependent variable, which improved the fit of the model. In Model 3, we have dropped the constant that is insignificant in both Model 1 and Model 2. Model 3 has the lowest AIC and BIC, and all the coefficients of the parameters are statistically significant. The estimation result of the model 3 is as follows:
Step four of the transfer function methodology is to examine whether the error term (ε t ) from the Model 3 is white noise. If the error term is a white noise, the transfer function procedure is complete, and the step five is unnecessary. However, the results suggest that there exists an autocorrelation in the error term of the estimated model, which is denoted as e t . The residual from Model 3 is estimated as an ARMA process using standard Box-Jenkins method, the estimation of the error term from the best fitting model is as follows:
The fifth 
The results indicate that China's BOT have delayed short run effect on its real effective exchange rate. Moreover, the coefficients of the transfer function are relatively small but statistical significant and positive. Hence, there is a short run feedback from BOT to REER that is observed within 3-4 months of the shock. The feedback is positive suggesting that a favorable BOT shock in Chinese economy improves the competitiveness of the currency in the short-run.
Conclusion
This paper examines the short run causal relationship between real effective exchange rate and balance of trade in China. First, we tested the stationarity of these variables and found that both of the variables are I(1) processes, thus we used the first difference form of the variables. Then we examined the causality between effective exchange rate and balance of trade using GrangerCausality Test, which suggests that in the short run balance of trade causes a change in effective exchange rate but not vice versa. This is an important contribution of this paper since literature has not explored the short run causal relationship between these variables before. A plausible explanation for this type of feedback from BOT to REER is a trade surplus increases the foreign currency in the domestic economy that in return increases the value of the domestic currency in the short-run. The uni-directional relationship between exchange rate and balance of trade compels the use of transfer function methodology since Vector Autoregression estimation is over-parameterized. Transfer Function estimation shows that the balance of trade has a 3-4 month delayed effect on effective exchange rate in China. Moreover, the coefficients are positive suggesting that a positive trade performance shock leads to a favorable short run change in exchange rate in China.
One of the limitations of this study is the fact that Chinese economy has not been fully open until recently. Chinese government has had total control on the economy until late 1990s and has just loosened this control allowing the foreign investment and exchange rate to be mostly determined in the market economy. Still, the composition of the economy and the government controls in the past complicates the investigation about the exchange rate and international trade. Future research that incorporates the nonmarket forces into the current econometric modeling would be an interesting extension. http://www.bis.org/statistics/eer/index.htm 5. For brevity, ACF and PACF panels are excluded but available from the authors upon request. 6. The results of the ADF test below indicate that the first differenced BOT and REER are both stationary. For robustness check, we have tested the differenced variables for unit root. Both of these variables are difference stationary at the 1% significance level. 7. For brevity, we have excluded the ADF test results, but these tables are available from authors per request. 8. For these empirical studies, see Kholdy and Sohrabian (1990) , Reuveny and Kang (1996) , Enders et al. (1991) and Yaya (2009) . 
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